Dimers/Radiolysis/Pyrimidines/N2O
Aqueous solutions of pyrimidines (such as uracil and thymine) containing N2O (125 mM) were irradiated with Co-60 gamma rays source and analysed with paper chromatography technique using suitable solvent developing systems.
Among the various radiation-induced products, the three different products located with lower Rf values are U. V. absorbing in character.
Spectroscopic analysis such as N.M.R., U.V. and mass spectrometry showed tentatively that these products are dimeric compounds; silylation technique assisted for such investigation.
These dimers are the major products in the radiolysis of the pyrimidines and N2O system ; uracil produced dimers which constituted 71% of the total uracil loss and thymine 33%.
INTRODUCTION
Most of the previous studies of the radiolysis of pyrimidine aqueous solutions have been concerned either with systems containing oxygen or deaerated systems.
In the former, reaction with OH radicals is followed by peroxy radical formation which, in turn, can lead to hydroperoxides and other products; these have been isolated and identified'-3) ; Teoule and Cadet" detected 23 different products in the radiolysis of slightly acidic aerated aqueous solutions of thymine and were able to identify 21 pro ducts accounting over 90% of the starting material.
In the deaerated system, in ad dition to OH attack, H atoms and eaq may also react with the solute thus complicating the radiation chemistry.
Significant back reactions are observed to occur between adduct intermediates".
In the present work the radiation chemistry of aqueous solutions of pyrimidines, particularly uracil and thymine are studied entirely in the presence of sufficient N20 (at 5 atmospheric pressures), so as to have a uni-radical (OH) system and to study specifically the fate of the OH adducts.
In order to understand the mechanism of the overall reactions, qualitative and quantitative analyses of the products have been carried out.
MATERIALS AND METHOD
Uracil, thymine and N : O-bis(trimethyl silyl)-trifluoro-acetamide (BSTFA) were obtained from Sigma Chemical Co. ; the pyrimidine recrystallised before use, K2HPO4s
CH3CN, para-dimethyl amino benzaldehyde (PDBA), deutro-dimethyl sulphoxide (d DMSO) and deutro methanol were laboratory reagent grade from British Drug House Ltd. n-butanol and glacial acetic acid were both 'Analar grade' and were redistilled and only the middle fractions were used for chromatography.
Nitrous oxide (N20) was `Medical grade' from British Oxygen Co. and was condensed at liquid nitrogen temperature via a 'Drikold'-methanol trap and then redistilled several times in-vacuo until a purity of at least 99.5% was obtained by mass spectrometry analysis.
Whatmann No. 3 papers were washed with 1 M glacial acetic acid followed by water and then dried. All aqueous solutions were made with triple-distilled water (pH 5.6±0.1) which was prepared by redistilling ordinary distilled water first from a dilute alkaline potassium permanganate solution and then from a dilute phosphoric acid solution. All vessels were cleaned with alcohol-nitric acid mixture ; after washing out with water they were kept at 400°C in an oven overnight perior to use.
For the preparation of solutions containing N20 at 5 atmospheric pressures, a cali brated round bottom flask was incorporated in the vacuum line; this was filled with N20 at the known pressure which was then condensed into the side arm of the irr adiation vessel at the liquid nitrogen temperature.
The vessel was sealed off at the constriction of its neck, leaving 20 ml volume capacity for the vessel and was ready for irradiation after the solid N2O had melted.
Solutions of uracil or thymine (10 mM), so prepared, were irradiated with total dose of 12.7 x 1018 eV per ml per hour using gamma rays from Co-60 source, at natural pH 5.6. The dosimetry of the source was determined by the conventional chemical Fricke Dosimetry method.
The irradiated solutions of pyrimidine were freeze-dried and stored in a refrigerator.
Aliquots of a saturated solution of the dried material were put onto 0.3 mm paper (56 X 42 cm) in a narrow streak along most of the line with air drying between additions.
The papers were allowed to equilibrate overnight before the run (about 18 hours) in the suitable solvent systems developing in descend ing conditions :
(1) n-butanol : acetic acid : water=80 : 12: 30 (v/v) was used for the uracil system and (2) n-butanol : water=86: 14 (v/v) for the thymine system. The chromatograms were run 2 or 3 times in the same solvent system in order to facilitate separation ; the papers were dried in air and equilibrated each time before re-running.
After the development, the dried chromatograms were inspected with a "Hanovia" lamp and the U . V. absorbing areas thus located. The three U. V. absorbing products so located near the base line of the chromatograms were eluted individually, simply by shaking the cut-out section of paper in water ; slightly warm water was more efficient but not used in order to avoid unnecessary thermal decomposition. 
RESULTS AND DISCUSSION
The isolated materials of these products are light powders and are fairly soluble in water.
The U. V. absorption spectra of aqueous solutions exhibit absorption maxima at about 263 nm for U1-U3 (Fig. 1) and about 266 nm for T1-T3 (Fig. 2) between pH 1 to 5.6; these maxima changed to about 292 nm at pH 12. The effect of heating the solutions at about 60°C at pH's 1, 1.5, 5.6 and 12 is shown in Fig. 2 for (T1-T3) and Fig. 3 for (U1-U3) . In general, there is a slight increase of absorption at the maxima for all of them. However, U1 and U3 indicated a large decrease of absorption below 250 nm at pH 12 at 60'C, which shows a behaviour very similar to that of the iso barbituric acid at pH 12 (Fig. 4) .
The highest mass numbers obtained by mass spectrometric analysis of these iso lated materials are at m/e 128 (U1-U2), 238 (U3) and 192, 142 (T), 167, 164 (T3) and 286, 268 (T,); the spectra always showed a small peak for a certain mass number of respective pyrimidine. Fig. 5 gives mass spectra of U1, U2 and U3.
When freeze-dried irradiated pyrimidine and N2O solutions were directly analysed by mass spectrometry in order to avoid possible decomposition during the long period of chromatographic separation and elution, molecular ions at 238 (uracil) and 286
(thymine) were also detected at the source temperatures of 280°C and 240°C respec tively ; the m/e 286 was followed by m/e 268 and m/e 250 (Fig. 6) .
From the above experimental results, it appears that T3 (and so also U3) are certainly dimers since the mass spectrum of T3 shows a molecular ion at 286 followed by other ions at 268 and 250, suggesting a dimer of thymine which may dehydrate according to the following scheme-1 and that of U3 shows a molecular ion at 238 followed by the second highest ion at 222 postulating the following structures as scheme-2 ; Silylation : Isolated products were silylated with BSTFA11 and CH3CN at 150'C; mass spectra of these silylated materials at a source temperature of 100 to 200°C gave seve ral irreproducible ion peaks. However, the mass spectrum of the directly silylated freeze dried irradtiated uracil and N20 solutions gave ions at 546, 544, 529 and 530 which may correspond to the following structures of the silylated derivatives (scheme-3). Fig. 3 . U. V. absorption spectra of the isolated radiolysis products U1, U2 and U3 after heating (60°C). It is of interest to note here that one of the above uracil dimers (m/e 530) for silylated product appears to result from cross interaction between the OH and H atom adducts. Uracil dimers could therefore be any of the compound (scheme-3) and the one with the highest mass number may be m/e 256 which gives a molecular ion at 238 (instead of 256) due to loss of a molecule of water at the source temperature, 280 °C of the mass spectrometer (shown in scheme -4) ; U1 and U2 and T, and T2 seem to indicate that they are also dimeric compounds since their optical properties are also very similar to those of U3 and T3i respectively (Figs. 1, 2 and 3) and also run on the chromatogram along with U3 and T3 but not with barbituric acids and 5-methyl barbituric acid. Although the mass spectra did not indicate ions of dimeric molecules (presumably due to high thermally decomposible character), the optical properties, particularly those of U1 and U2 appear to indicate the presence of a hdroxylated uracil moiety in the molecule (Figs. 1, 3 and4) .
None of these products is ring-opened compound, since Fink's" test using PDAB solution (without pre-spraying with NaOH solution) was negative .
By incorporating about 5 to 10 pCi (micro curic) of C2-14 labelled pyrimidine into the solutions to be irradiated, it was found possible to estimate that G(U1+U2-j-U3) constituted about 71% of the total decomposition of uracil (G=-5.59) and G(T1+T2+ T3) about 33% of the total thymine destruction (G---4.48); the total dose used was 12.7 x 1018 eV per ml which accounted about 10% destruction of the pyrimidine ; the material balance estimated to be more than 96%. Fendler et all) has very recently reported the formation of dimer in gamma-irradiated uracil and N20 solutions ; no chemical identification was made and the yield (G=0.1) is much lower than found in the present work ; but Shragge et all) has reported a large increase in the yield of dimer in the deoxygenated uracil solutions.
The electron transfer mechanism has been reported by Scholes et al.") for the radiolysis of aqueous pyrimidine system.
According to this process, the hydroxy pyri midyl radicals (OH adducts) may form ion pairs like Py (pyrimidine)+OH> PyOH (hydroxy pyrimidyl radical, R.) PyOH+PyOH>(PyOH)++(PyOH)-.
These ions may then produce dimers. However, radical-radical recombination may also lead to the production of dimers, R.+R.-->R-R (dimer).
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